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$FFRUGLQJO\ WKLVSURFHVV LVDIIHFWHGE\DPXOWLWXGHRIIDFWRUVIURPSRZGHUFRPSRVLWLRQDQGPRUSKRORJ\WRODVHU
HQHUJ\LQSXWDQGSURFHVVLQJRUSRZGHUEHGWHPSHUDWXUH
$PRQJWKRXVDQGVRISRO\PHULFPDWHULDOVWKHUHDUHRQO\IHZJUDGHVRISRO\PHUVWKDWDUHFRPPHUFLDOO\DYDLODEOH
IRUWKH6/6SURFHVV7KHYDVWPDMRULW\RIWKHVH6/6SRO\PHUVEHORQJWRWKHUPRSODVWLFPDWHULDOVGXHWRWKHLUYLVFRXV
FRDOHVFHQFH DW KLJKHU WHPSHUDWXUHV 7KLV LQFOXGHV DPRUSKRXV VHPLFU\VWDOOLQH UHLQIRUFHG DQG ILOOHG SRO\PHUV
$PRQJ 6/6 SRO\PHUV VHPLFU\VWDOOLQH SRO\DPLGH PDLQO\ 3$ +DGL HW DO  LV GRPLQDQW KRZHYHU QHZ
UHVHDUFKLVH[SORULQJRWKHUVHPLFU\VWDOOLQHDQGDPRUSKRXVIDPLOLHVVXFKDVSRO\HWKHUHWKHUNHWRQH3((.*KLWDHW
DO  SRO\VW\UHQH 36 :DQJ HW DO  SRO\SURS\OHQH =KX HW DO  WKHUPRSODVWLF HODVWRPHUV
=LHJHOPHLHUHWDOHWF7KHFRPPRQGLIILFXOWLHVZLWKWKHVHQHZSRO\PHUVLQFOXGHSRURVLW\SRRUFRDOHVFHQFH
ZDUSDJH ORZ IORZDELOLW\ GHJUDGDWLRQ DQG UHF\FODELOLW\ .UXWK HW DO *RRGULGJH HW DO %RXUHOO HW DO
6FKPLGHWDO
$VPDQ\ 6/6 SURFHVVLQJ LVVXHV RULJLQDWH IURP WKH XVHG SRZGHUPDQ\ UHVHDUFKZRUNV DUH QRZ GHGLFDWHG WR
FKDUDFWHUL]HWKHRULJLQDOSRZGHUVDQGOLQNWKHUHVXOWVWRWKH6/6SURFHVVDELOLW\=LHJHOPHLHUHWDO:XG\HWDO
=LHJHOPHLHUHWDO9HUEHOHQHWDO)RUH[DPSOH9HUEHOHQHWDO9HUEHOHQHWDO9HUEHOHQHW
DO  KDYH VWXGLHG WKH PRUSKRORJ\ PHOW IORZ FRDOHVFHQFH DQG PHOWLQJFU\VWDOOL]DWLRQ RI VRPH FRPPHUFLDO
3$3$DQG3$SRZGHUVWRJLYHDSUDFWLFDOGHPRQVWUDWLRQRQWKHSRZGHU6/6SURFHVVDELOLW\)XUWKHUPRUH
:XG\HWDO:XG\HWDOKDYHLQYHVWLJDWHGWKHVXUIDFHWHQVLRQRIDFRPPHUFLDO3$SRZGHUPHOWWRH[SODLQ
SRZGHUFRDOHVFHQFHLQ6/62WKHUVWXGLHVKDYHPDLQO\IRFXVHGRQDFWXDO6/6EHKDYLRURI WKHSRZGHUVYLDYLVXDO
SURFHVV SURJUHVV SRURVLW\ FRQWHQW ZDUSDJH DQG PHFKDQLFDO SURSHUWLHV RI WKH SURGXFWV .UXWK HW DO 
*RRGULGJH HW DO  %RXUHOO HW DO  $OO WKHVH H[DPLQDWLRQV DUH HVVHQWLDO WR JHQHUDWH D FRPSUHKHQVLYH
NQRZOHGJH WRGHYHORSQHZ6/6SRO\PHUV LQFOXGLQJ HODVWRPHU IDPLOLHV ZKLFK WKHLUKLJK IOH[LELOLW\ LV H[WUHPHO\
DWWUDFWLYHIRUGLIIHUHQWDSSOLFDWLRQV
'HVSLWH VRPH SUHYLRXV ZRUNV RI =LHJHOPHLHU HW DO RQ SRZGHU IORZ DQG 6/6 SURSHUWLHV RI IHZ JUDGHV RI
WKHUPRSODVWLFSRO\XUHWKDQH738HODVWRPHUV =LHJHOPHLHUHWDO=LHJHOPHLHUHWDO=LHJHOPHLHUHWDO
WKHHIIHFWRIWKHPRUSKRORJ\RIWKHSRZGHULVVWLOOSRRUO\XQGHUVWRRG$FFRUGLQJO\WKLVZRUNV\VWHPDWLFDOO\
DQDO\VHV WZR GLIIHUHQWPRUSKRORJLHV RI WKH VDPH738 JUDGHZKHQ WKH\ DUH H[SRVHG WR WKH 6/6 SURFHVV ,Q WKLV
UHVSHFWPRUSKRORJLHVSDFNLQJGHQVLWLHVWKHUPDOEHKDYLRUVDQGFRDOHVFHQFHVRIWKHVHSRZGHUVDUHLQYHVWLJDWHG7KH
UHVXOWV DUH OLQNHG WR WKH SURFHVVDELOLW\ DW YDULRXV WHPSHUDWXUHV RXWFRPH GHQVLW\ DQG WHQVLOH DQG VKHDU SXQFK
VWUHQJWKRIWKH6/6SURGXFWVDQGDUHFRPSDUHGWRLQMHFWLRQPROGLQJ,0SDUWV7KLVSURYLGHVQHFHVVDU\NQRZOHGJH
IRUGHYHORSLQJQHZJUDGHVRI738HODVWRPHUVE\SRZGHUDQGDGGLWLYHPDQXIDFWXUHUV
0DWHULDOVDQGH[SHULPHQWV
2.1. Materials and powder characterizations 
 ,Q WKLVZRUND738SRZGHUJUDGH QHZ WR WKH6/6SURFHVVZDV LQYHVWLJDWHG7KHSURYLGHG738SRVVHVVHGD
GHQVLW\RIJFPDVKRUH$KDUGQHVVRIa$DQGDJUDGXDOVRIWHQLQJEHKDYLRUXSRQKHDWLQJVHH'6&LQ
VHFWLRQ7KHVXSSOLHG738SRZGHUVZHUHFU\RJHQLFO\PLOOHG LQ WZRGLIIHUHQW VL]HV )LJFRDUVHUSRZGHUV
ZLWKFRDUVHHGJHV )LJD LQ FRPSDULVRQZLWK ILQHUSRZGHUVZLWK UHODWLYHO\ VPRRWKHU HGJHV WKH ILQHSRZGHU LV
FRYHUHGE\VRPHVPDOODGGLWLYHV LPSURYLQJ WKHSRZGHU IORZDELOLW\)LJE7KHSDUWLFOHVL]HGLVWULEXWLRQ36'
ZDVPHDVXUHGXVLQJD0DOYHUQ0DVWHUVL]HUPLFURSOXVWKDWXVHVODVHUGLIIUDFWLRQWRGHWHUPLQHWKHSDUWLFOHVL]HVRI
WKH 738 SRZGHUV VXVSHQGHG LQ HWKDQRO 7KH SDFNLQJ GHQVLW\ZDV DOVR GHWHUPLQHG LQ D &RSOH\ -9  DV WKH
SURSRUWLRQRIWKHWDSSHGSRZGHUPDVVWRLWVYROXPHPHDVXUHGLQDPOJUDGXDWHGF\OLQGHU7KLVZDVQRUPDOL]HG
E\GLYLGLQJE\WKHSRO\PHUPDWHULDOGHQVLW\

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
)LJD&RDUVHDQGEILQHSRZGHUVIURPD738JUDGH
'LIIHUHQWLDOVFDQQLQJFDORULPHWU\'6&ZDVFDUULHGRXWXVLQJD7$LQVWUXPHQWV'6&4XQGHUDQLWURJHQ
LQHUW DWPRVSKHUH WR GHULYH WKH WKHUPDO SURSHUWLHV RI WKH SRZGHUV +HDWLQJ DQG FRROLQJ F\FOHV ZHUH SHUIRUPHG
EHWZHHQ & DQG &ZLWK D UDWH RI &PLQ 7KH FRDOHVFHQFH EHKDYLRU RI WKH SRZGHUVZDV DOVR GLUHFWO\
YLVXDOL]HGRQDKRWVWDJHPLFURVFRSH2O\PSXV%;XVLQJDVKHDUFHOOIRUKHDWLQJ/LQNDP&66ZLWK[
PDJQLILFDWLRQDQGKHDWLQJUDWHRI&PLQ
2.2. Selective laser sintering (SLS) processing 
6/6ZDV SHUIRUPHG RQ D '70 6LQWHUVWDWLRQ  HTXLSSHGZLWK D &2 ODVHU ZDYHOHQJWK a  ȝP ZLWK
*DXVVLDQ SRZHU GLVWULEXWLRQ DQG D IXOO GLDPHWHU RI P 7KH1DWPRVSKHUH LV VHW DW DQ XSSHU OLPLW RI 
R[\JHQ6LQJOH OD\HU WHVWVZHUH ILUVWSHUIRUPHGDWGLIIHUHQW WHPSHUDWXUHV WRDVVHVVDSUHOLPLQDU\XQGHUVWDQGLQJRI
6/6SURFHVVDELOLW\EHIRUHPDQXIDFWXULQJPXOWLOD\HUSDUWV)RUWKHVHWHVWVWKHODVHUSRZHUZDVYDULHGEHWZHHQ:
DQG:DWDFRQVWDQWVFDQQLQJVSHHGRIPPVDQGVFDQVSDFLQJRIP)RUPXOWLOD\HUSDUWVWKHOD\HU
WKLFNQHVVZDVP7KHSURFHVVLQJWHPSHUDWXUHVZHUHLQGLYLGXDOO\RSWLPL]HGDQGVHOHFWHGIRUWKHFRDUVHDQGILQH
SRZGHUVDVZLOOEHSUHVHQWHGLQWKHUHVXOWVDQGGLVFXVVLRQVHFWLRQ7KHHQHUJ\GHQVLW\EZDVFDOFXODWHGDFFRUGLQJ
WRWKH(TXDWLRQVHHEHORZFRPELQLQJODVHUSRZHU3VFDQVSHHGvDQGVFDQVSDFLQJs$VWKHSDUWOD\RXWWKH
ODVHUVFDQWUDFNVZHUHRULHQWHGLQWKHORQJLWXGLQDOGLUHFWLRQRIWKHVDPSOHVDQGWHQVLOHEDUV
ܧ ൌ ௉
௦Ǥ௩
-PP 
2.3. Injection molding (IM) references 
 ,QMHFWLRQPROGLQJ,0ZDVXVHGWRPDQXIDFWXUHUHIHUHQFHSDUWVIURPWKHFRDUVH738SRZGHUWKH,0SDUWVDUH
FRQVLGHUHGDVIXOO\GHQVH,0KHDWVWKHSRZGHULQDVPDOOFKDPEHUDWÛ&ZKHUHLWLVPROWHQ$SOXQJHUWKHQ
SXVKHV WKH PROWHQ SODVWLF IURP WKH FKDPEHU LQWR D WHQVLOH EDU GLH DW URRP WHPSHUDWXUH ZKHUH LW FRROV DQG
FRQVROLGDWHV1RVLJQLILFDQWVLJQRIGHJUDGDWLRQVXFKDVVPRNHRUGLVFRORUDWLRQZDVYLVXDOO\REVHUYHGGXULQJ,0
2.4. Part characterizations 
 'HQVLWLHVRIWKHPDQXIDFWXUHGFRPSRQHQWVaPPuPPuPPZHUHGHWHUPLQHGE\ERWKGLPHQVLRQDO
DQG$UFKLPHGHVPHWKRGVDFFRUGLQJ WRDW OHDVW WZRPHDVXUHGSDUWV:LWK WKHGLPHQVLRQDOPHWKRG WKHGHQVLW\ LV
FDOFXODWHG E\ GLYLGLQJ WKH ZHLJKW RI D FXERLG SDUW E\ LWV PHWHUHG YROXPH µ$UFKLPHGHV¶ GHQVLWLHV ZHUH DOVR
FDOFXODWHGIURPWKHZHLJKWPHDVXUHPHQWVLQDLUDQGLQGHPLQHUDOL]HGZDWHU6LQFH$UFKLPHGHVPHDVXUHPHQWVPD\
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FDUU\VRPHXQFHUWDLQW\LQSUHVHQFHRIRSHQSRURVLW\GXHWRIOXLGSHQHWUDWLRQLQWRWKHRSHQSRUHVWKLVPHWKRGZDV
RQO\SHUIRUPHGRQUHODWLYHO\GHQVHSDUWVRUWKHSDUWVZLWKQRVXUIDFHFRQQHFWHGSRURVLW\VXFKDVWKH,0SDUWVRUWKH
6/6VDPSOHVZLWKORZHUSRURVLW\
 7HQVLOHWHVWVZHUHFDUULHGRXWRQWKH,0SDUWVDVZHOODVWKH6/6VDPSOHVPDGHXVLQJWKHSDUDPHWHUVUHDFKLQJ
PD[LPXP GHQVLWLHV $W OHDVW WKUHH VDPSOHV LQ D µGRJERQH¶ VKDSH )LJ D ZHUH VWUHWFKHG IRU HDFK WHQVLOH
PHDVXUHPHQW  XVLQJ DQ ,QVWURQ ZLWK D  N1 ORDG FHOO DQG N1SQHXPDWLF FODPSV DW URRP WHPSHUDWXUH$
FURVVKHDG VSHHG RI PPPLQZDVPDLQWDLQHG WLOO VDPSOH IDLOXUH 6LQFH HODVWRPHUV W\SLFDOO\ VKRZ D YHU\ ODUJH
HORQJDWLRQ WKHVWUDLQZDVFDOFXODWHGDV WKHUDWLRRI WKHH[WHQVLRQRI WKHFODPSVWR WKHLQLWLDOGLVWDQFHEHWZHHQWKH
WZRFODPSV(QJLQHHULQJVWUHVVDQGVWUDLQVZHUHUHSRUWHG

)LJD6FKHPDWLFGHPRQVWUDWLRQRIWHQVLOHEDUVDQGEVKHDUSXQFKDSSDUDWXVXVHGLQWKLVZRUN
 6KHDUSXQFKWHVWLQJ637ZDVXVHGDVDGHPRQVWUDWLRQIRUWKHVKHDUVWUHQJWKDQGDGKHVLRQTXDOLW\EHWZHHQWKH
VLQWHUHG SRZGHU OD\HUV 5LGHU  7KH 637 PHDVXUHPHQWV ZHUH SHUIRUPHG RQ DQ ,QVWURQ  ZLWK D
FRPSUHVVLRQVHWXSDQGDORDGFHOORIN1)LJEVKRZVWKHKDUGHQHGVWHHOVKHDUSXQFKWRROZLWKDQ6/6VDPSOH
7KHSLQRUSXQFK'SXQFK PPSXVKHVWKHPDWHULDOWKURXJKWKHGLHKROH'GLH PPWKHUHE\ORDGLQJLWZLWK
VKHDUVWUHVV7KHFRPSUHVVLRQUDWHZDVIL[HGDWPPPLQ7KHVDPSOHWKLFNQHVVWZKLFKZDVDERXWPPLQ
WKLVZRUN7KHVKHDUVWUHVVDVWKHSULPDU\RXWFRPHRIWKHWHVWLVFDOFXODWHGDV*XGXUXHWDO
߬ ൌ
ܨ
ʹߨݎ௔௩௚ݐߩ௥
 
ZKHUHୟ୴୥ ൌ
୰೛ೠ೙೎౞ା௥೏೔೐
ଶ
)LVWKHDSSOLHGORDGDQGWLVWKHVSHFLPHQWKLFNQHVVߩ௥LVWKHUHODWLYHGHQVLW\HTXDOWR
IRU D GHQVH SDUW DQG DGGHG WR FRPSHQVDWH WKH ORZHUHG VKHDULQJ VXUIDFH GXH WR SUHVHQFH RI SRURVLW\ 7KH
VDPSOHWKLFNQHVVWZKLFKZDVDERXWPPLQWKLVZRUN
5HVXOWVDQGGLVFXVVLRQ
3.1. Powder characteristics 
)LJVKRZVWKHSDUWLFOHVL]HGLVWULEXWLRQDQGSDFNLQJGHQVLW\RIWKH738SRZGHUVWHVWHGLQWKLVZRUN$VVHHQ
IRUWKHILQHSRZGHUWKHVPDOOHUDYHUDJHSDUWLFOHVL]HRIDERXWPEHWZHHQPFRQWDLQLQJIORZDGGLWLYHV
KDV OHG WR D QRUPDOL]HG SDFNLQJ GHQVLW\ RI DERXW  7KLV LV DERXW PRUH WKDQ WKH QRUPDOL]HG SDFNLQJ
GHQVLW\RIWKHFRDUVHUSRZGHUaZLWKDQDYHUDJHSDUWLFOHVL]HRIP7KHLPSURYHGSDFNLQJGHQVLW\PD\
UHVXOWLQDEHWWHUOD\HUSDFNLQJGXULQJWKH6/6SURFHVVDQGLQFUHDVHWKHTXDOLW\GHQVLW\RIWKHSURGXFWV

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)LJD3DUWLFOHVL]HGLVWULEXWLRQ36'DQGESDFNLQJGHQVLW\RIFRDUVHDQGILQHSRZGHUVXVHGLQWKLVZRUN
 7RVHOHFWDSURSHUSUHKHDWLQJSRZGHUEHGWHPSHUDWXUHIRUWKH6/6SURFHVVLQJWKHWKHUPDOSURSHUWLHVRIWKH738
SRZGHUVZHUH ILUVW GHWHUPLQHG XVLQJ'6& WHVWV )LJ 7KHPHDVXUHG WKHUPDO SURSHUWLHV DUH GLUHFW RXWFRPH RI
SRO\PHUFRQVWLWXHQWVEHLQJFRPSRVHGRIKDUGDQGVRIWVHJPHQWVLQ738V$VVHHQERWKILQHDQGFRDUVHSRZGHUV
VKRZVLPLODUWKHUPDOEHKDYLRUWKH\VKRZVRPHFU\VWDOOL]DWLRQGXULQJWKHFRROLQJGRZQVWDJHIURPÛ&DURXQG
& SUREDEO\ GXH WR FU\VWDOOL]DWLRQ RI KDUG VHJPHQWV *ODVV WUDQVLWLRQ RI WKHVH 738V DUH IDU EHORZ QRUPDO
RSHUDWLQJWHPSHUDWXUHVGXHWRVRIWVHJPHQWVJLYLQJWKHPHODVWRPHULFSURSHUWLHV7KLVJODVVWHPSHUDWXUHKRZHYHU
SOD\V QR VLJQLILFDQW UROH LQ 6/6 SDUDPHWHU VHOHFWLRQ DV 738 LV SHUIHFWO\ VROLG DW KLJKHU WHPSHUDWXUHV EHIRUH
VRIWHQLQJ RI KDUG VHJPHQWV RFFXUV ,Q IDFW LW LV WKH KDUG VHJPHQWV WKDWPHOW YLD KHDWLQJ LQ D EURDG WHPSHUDWXUH
UDQJHSURYLGLQJWKHQHFHVVDU\YLVFRXVIORZIRUDVXFFHVVIXO6/6SURFHVV


)LJ'LIIHUHQWLDOVFDQQLQJFDORULPHWU\'6&FXUYHVVKRZLQJVLPLODUWUDQVLWLRQVIRUILQHDQGFRDUVH738V
$SDUWIURP'6&KRWVWDJHPLFURVFRS\ZDVDOVRSHUIRUPHGWRFRPSDUHWKHFRDOHVFHQFHEHKDYLRURIWKHSRZGHUV
DVVKRZQLQ)LJ7KHUHVXOWVGHVSLWHWKH'6&EHKDYLRULVHYLGHQWO\GLVWLQJXLVKHGEHWZHHQWKHFRDUVHDQGILQH
SRZGHUV,QIDFWWKHFRDUVHUSRZGHUFRDOHVFHVIDVWHUDWORZHUWHPSHUDWXUHV)LJDLQFRQWUDVWWRILQHSRZGHUWKDW
LVVWLOOKLJKO\YLVFRXVDW&)LJF$W&ZKHUHWKHFRDUVHSRZGHULVQRZKLJKO\IOXLG)LJEWKHILQH
SRZGHU MXVW VWDUWV WR UHDFK D ORZYLVFRVLW\ )LJ GZKLFK LV HVVHQWLDO IRU6/67KLV EHKDYLRU LV SHUKDSVGXH WR
SUHVHQFH RI YHU\ VPDOO DGGLWLYHV VXFK  DV K\GUDWHG VLOLFDV JODVV\ R[LGHV IOXRURSODVWLFV DQGPHWDOOLF VWHDUDWHV
SULPDULO\ DGGHG WR IDFLOLWDWH WKHSRZGHU IORZDQG LPSURYH WKHSDFNLQJHIILFLHQF\ *RRGULGJH HW DO 7KHVH
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VPDOODGGLWLYHVGHFRUDWH WKHILQHSRZGHUVXUIDFHVVHH)LJ WKDWPD\GHOD\ WKHYLVFRXVIORZWHPSHUDWXUHRI WKH
ILQH738SRZGHUEXWWKH\ZLOOQRWDIIHFWWKH'6&UHVXOWVZLWKLQWKHH[SHULPHQWHGWHPSHUDWXUHUDQJHVHH)LJ


)LJ3RZGHUFRDOHVFHQFHREVHUYHGE\KRWVWDJHPLFURVFRS\GXULQJKHDWLQJZLWKDFRQVWDQWKHDWLQJUDWHRIDEFRDUVHDQGFGILQHSRZGHUVDW
&DQG&
3.2. SLS processability and density optimizations (from single layer to multilayer parts) 
$IWHUVWXG\LQJWKHSULPDU\SRZGHUFKDUDFWHULVWLFV6/6H[SHULPHQWVZHUHSHUIRUPHGWRPDQXIDFWXUH738SDUWV
$WILUVWVLQJOHOD\HUWHVWVZHUHFDUULHGRXWDVDVKRUWFXWWRJHWDILUVWLPSUHVVLRQRIWKHSRZGHUVLQWHUDELOLW\LQDZLGH
UDQJHRIODVHUHQHUJ\LQSXW7KHVHH[SHULPHQWVRQWKHFRDUVHSRZGHUDVVKRZQLQ)LJDGHPRQVWUDWHDPLQLPXP
UHTXLUHGVLQWHUDELOLW\WKHSDUWFDQEHPDGHEXWWKHSRRUSDFNLQJDQGSRRUSRZGHUIORZOHDGWRDULEEHGOLNHSDWWHUQ
RQVLQWHUHGSDUWV$OWKRXJKKLJKHUSURFHVVLQJWHPSHUDWXUHVLHRYHU&FRXOGSRWHQWLDOO\LPSURYHWKHVLQWHULQJ
TXDOLW\ WKLVZDV QRW SRVVLEOH GXH WR H[FHVVLYH SRZGHU FDNLQJ WKDW DSSHDUV DW WKRVH WHPSHUDWXUHV ,Q FRQWUDVW WR
FRDUVHSRZGHUVILQHUSRZGHUIORZHGEHWWHUOHDGLQJWRDJRRGSDFNLQJGXULQJWKH6/6SURFHVV)LJE0RUHRYHUD
KLJKHUSRZGHUEHGWHPSHUDWXUHa&ZDVSRVVLEOHGXHWRWKHSUHVHQFHRIIORZDGGLWLYHVUHVWULFWLQJFDNLQJDW
WKLVSURFHVVLQJWHPSHUDWXUH7KHFRPELQDWLRQRIEHWWHUIORZDQGKLJKHUSURFHVVLQJWHPSHUDWXUHOHGWRJRRGVLQWHUHG
SDUWVZLWK VPRRWK DSSHDUDQFHV DV VHHQ LQ)LJ E ,W VKRXOG DOVREHQRWHG WKDW VPRNLQJRFFXUUHG LQERWK FDVHV
EHLQJH[FHVVLYHHVSHFLDOO\DWKLJK ODVHUHQHUJ\ LQSXW7KLVVPRNLQJ LVDVLJQRIGHJUDGDWLRQ WKDWFDQSRWHQWLDOO\
GDPDJHWKHSURGXFWSURSHUWLHV
$IWHUHYDOXDWLQJWKHSURFHVVLQJWHPSHUDWXUHIRUWKHVHSRZGHUVLQVLQJOHOD\HUH[SHULPHQWVPXOWLOD\HUSDUWVZHUH
PDQXIDFWXUHG WR ILQG WKHPD[LPXP UHDFKDEOH GHQVLWLHV$V VKRZQ LQ )LJ  WKH RSWLPXP HQHUJ\ LQSXW LVPXFK
ORZHUIRUWKHILQHSRZGHUFRPSDUHGWRWKDWUHTXLUHGIRUWKHFRDUVHRQHIRUWKHILQHSRZGHUWKHRSWLPXPHQHUJ\LV
DERXW -PPZKLOH LW LV DERXW-PP IRU WKHFRDUVHSRZGHU7KH ORZHUHQHUJ\ LQSXW LV HQDEOHGE\D
KLJKHUEHGWHPSHUDWXUHWKDWZDVXWLOL]HGIRUWKHILQHSRZGHUDKLJKHUEHGWHPSHUDWXUHUHTXLUHVOHVVODVHUHQHUJ\WR
PHOWWKHSRZGHU7RQWRZLHWDO%RXUHOOHWDO7KHKLJKHUEHGWHPSHUDWXUHFRUUHODWHVZLWKWKHKLJKHU
IORZDELOLW\ RI WKH ILQHU SRZGHU DQG LPSURYHV WKH GHQVLW\ RI SURGXFWV a LQ FRPSDULVRQZLWK a  UHODWLYH
GHQVLW\RIWKHSDUWVIURPWKHFRDUVHSRZGHU

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
)LJ9LVXDO6/6VSHFLILFDWLRQVRIDFRDUVHDQGEILQH738SRZGHUV

)LJ5HODWLYHGHQVLW\RIWKH6/6SDUWVPDGHIURPFRDUVHDQGILQH738SRZGHUVDVDIXQFWLRQRIWKHLQSXWODVHUHQHUJ\GHQVLW\1RWHWKDW
SURFHVVLQJWHPSHUDWXUH7SZDV&DQG&IRUFRDUVHDQGILQHSRZGHUVUHVSHFWLYHO\
3.3. Heat of crystallization after SLS 
$VSUHYLRXVO\VKRZQ)LJWKHFXUUHQW738SRZGHUVH[KLELWDFU\VWDOOL]DWLRQSHDNGXULQJFRROLQJGRZQIURP
&7KLV FU\VWDOOL]DWLRQSHDN LV DOVRSUHVHQW IRU WKH ,0DQG6/6PDQXIDFWXUHGSDUWV )LJD6LQFHDOO WKHVH
SDUWVJRWKURXJKDIXOOUHPHOWLQJDW&LWFDQEHDVVXPHGWKDWDKLJKHUHQWKDOS\RIFU\VWDOOL]DWLRQFRUUHVSRQGVWR
PRUHKDUGVHJPHQWVWKDWDUHDYDLODEOHIRUFU\VWDOOL]DWLRQ7KHDOWHUDWLRQVLQWKHQXPEHURIWKHVHKDUGVHJPHQWVFDQ
EHDWWULEXWHGWRWKHLQIOXHQFHRIODVHUHQHUJ\LQSXWWKDWGHJUDGHVDQGDQQLKLODWHVWKHSRO\PHUVWUXFWXUHV7KLVLVEHWWHU
VKRZQLQ)LJEZKHUHWKHHQWKDOS\RIFU\VWDOOL]DWLRQRIWKH,0SDUWaRIWKHRULJLQDOSRZGHULVQHDUWKH6/6
SDUWPDGHIURPWKHILQHSRZGHUaRIWKHRULJLQDOSRZGHU7KHHQWKDOS\RIFU\VWDOOL]DWLRQKRZHYHUGURSVWR
IRUWKH6/6SDUWPDGHIURPFRDUVHSRZGHUE -PP7KLVLVSDUWLFXODUO\LPSRUWDQWVLQFHWKHORZHU
HQWKDOS\ RI FU\VWDOOL]DWLRQ FRUUHVSRQGV WR ORZHU QXPEHU RI KDUG VHJPHQWV ORZHUHG E\ GHJUDGDWLRQ 7KLV PD\
UHGXFHWKHPHFKDQLFDOSURSHUWLHVDVWKHKDUGVHJPHQWVKDYHWKHPDLQFRQWULEXWLRQWRVWUHQJWKRI738V

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)LJ'6&HQWKDOS\RIFU\VWDOOL]DWLRQRFFXUULQJYLDFRROLQJIURP&D'6&FXUYHVVKRZLQJWKHKHDWIORZDURXQGFU\VWDOOL]DWLRQ
WHPSHUDWXUHDQGEUHODWLYHHQWKDOS\RI,0DQG6/6SDUWVWRSRZGHU7KH6/6SDUWVDUHIURPWKHILQHSRZGHUPDGHE\E -PPDQGWKH
FRDUVHSRZGHUPDGHE\E -PP
3.4. Mechanical properties 
$IWHURSWLPL]LQJWKHSURFHVVLQJSDUDPHWHUVWHQVLOHEDUVZHUHPDQXIDFWXUHGWRH[SORUHWKHPHFKDQLFDOSURSHUWLHV
RI WKH SURGXFWV DV VKRZQ LQ )LJ  $V VHHQ WKH FRDUVH SRZGHU OHDGV WR 6/6 SDUWV ZLWK WKH ORZHVW WHQVLOH
SURSHUWLHV FRPSDUHG WR ILQHU SRZGHUV WKDW FDQ UHDFK WHQVLOH SURSHUWLHV FORVH WR WKRVH RI ,0 SDUWV 7KLV ODUJH
GLIIHUHQFHLQWHQVLOHSURSHUWLHVFDQEHDWWULEXWHGWRWKH6/6SURFHVVLQJFRQGLWLRQV,QIDFWWKHORZHUHQHUJ\LQSXWRI
 -PP DW KLJKHU SRZGHU EHG WHPSHUDWXUH RI & DOORZV  GHQVH SDUWV ZLWK PLQLPXP GHJUDGDWLRQ
PLQLPDOVPRNLQJZDVYLVXDOO\REVHUYDEOHIURPWKHILQHSRZGHU7KLVOHDGVWRWHQVLOHVWUHQJWKVa03D
DQG HORQJDWLRQV a ZKLFK DUH FRPSDUDEOH WR WKRVH IURP ,0 SDUWV ,Q FRQWUDVW WKH ORZHU SURFHVVLQJ
WHPSHUDWXUHa&DQGWKHKLJKHUHQHUJ\LQSXWa-PPIRUFRDUVHUSRZGHUOHDGWRPRUHSRURVLW\a
DQG VPRNLQJ FRUUHVSRQGLQJ WR GHJUDGDWLRQ RI KDUG VHJPHQWV WKDW KDYH D PDLQ FRQWULEXWLRQ WR SDUW VWUHQJWK
GUDVWLFDOO\UHGXFLQJWKH876RI,0DQGHORQJDWLRQRI,0


)LJ7HQVLOHEHKDYLRUVRIWKHRSWLPXP6/6SDUWVIURPWKHILQHDQGFRDUVHSRZGHUVLQFRPSDULVRQZLWKWKH,0SDUWV(DFKWHVWKDVEHHQ
UHSHDWHGDWOHDVWWLPHVDVVKRZQLQWHQVLOHFXUYHV
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,QDGGLWLRQ WR WHQVLRQ VKHDUSXQFK WHVWVZHUHSHUIRUPHGDVDGHPRQVWUDWLRQ IRUDGKHVLRQTXDOLW\DQGVLQWHULQJ
SHUIRUPDQFH RI WKH SRZGHUV 7KH UHVXOW LV VKRZQ LQ 7DEOH  DORQJ ZLWK WKH VXPPDU\ RI GHQVLW\ DQG WHQVLOH
SURSHUWLHVIRUFRPSDULVRQ$VVHHQWKHVKHDUVWUHQJWKRIWKH6/6SDUWVIURPWKHILQHSRZGHUVLVDOVRFRPSDUDEOHWR
WKHVKHDUVWUHQJWKRI,0SDUWV,QIDFWKLJKHUSRZGHUEHGWHPSHUDWXUHKDVFRPSHQVDWHGWKHORZHU6/6HQHUJ\LQSXW
(  -PP DQG SURYLGHG FRPSDUDEOH ,0 VLQWHULQJ ,Q FRQWUDVW 6/6 SDUWV IURP WKH FRDUVH SRZGHU VKRZ
VRPHKRZORZHUVKHDUVWUHQJWKVLHRI,0DVVRFLDWHGZLWKDORZHUERQGLQJFRDOHVFHQFHGHJUHHGXHWRORZHU
SURFHVVLQJWHPSHUDWXUHV6LQFHWKHVKHDUVWUHQJWKKDVQRWEHHQDOWHUHGDVPXFKDVWHQVLOHSURSHUWLHVE\WKHHQHUJ\
LQSXWRQHPD\SHUKDSVSRVWXODWHWKDWVRIWVHJPHQWVKDYHEHHQWKHPDLQUHVSRQVLEOHIRUERQGLQJEXW WKH\DUHQRW
DIIHFWHGDVPXFKE\GHJUDGDWLRQ1HYHUWKHOHVV7DEOHH[KLELWVWKHILQHSRZGHUDVDSRWHQWLDOPDWHULDOIRU6/6RI
TXDOLW\738HODVWRPHUVZLWKDSHUIRUPDQFHQHDUWR,0SDUWV
7DEOH2YHUYLHZRIXVHGSDUDPHWHUVGHQVLW\ WHQVLOHSURSHUWLHVDQGVKHDUSXQFKVWUHQJWKVRIWKHRSWLPXP6/6SDUWVPDGHIURPFRDUVHDQG
ILQH SRZGHUV LQ UHVSHFW WR WKH SURSHUWLHV RI ,0 SDUWV 1RWLFH WKDW SRURVLW\ RI RSWLPXP 6/6 SDUWV KDV EHHQ FRPSHQVDWHG LQ VKHDU VWUHVV
FDOFXODWLRQVHTXDWLRQ
&RQGLWLRQ
6/6
WHPSHUDWXUH
&
6/6HQHUJ\
-PP
5HODWLYH
GHQVLW\
876
03D
876
YV,0
(ORQJDWLRQDW
EUHDN
(ORQJDWLRQ
YV,0
6KHDU
VWUHQJWK
6KHDU
VWUHQJWK
YV,0
,0 1$ 1$       
6/6)LQH         
6/6
&RDUVH
        

6XPPDU\
7KLVZRUNDQDO\]HGWKH6/6SURFHVVDELOLW\RIRQH738JUDGHEXWSURYLGHGLQWZRGLIIHUHQWSRZGHUIRUPVLILQH
SRZGHUZLWKVXEPLFURQDQGQDQRVL]HIORZDGGLWLYHVDQGLLFRDUVHSRZGHUVZLWKRXWDQ\IORZDGGLWLYHSDUWLFOHV,W
ZDV VKRZQ WKDW GHVSLWH WKH VDPH '6& EHKDYLRU RI ERWK SRZGHUV WKH ILQHU SRZGHUV DOORZHG D PXFK KLJKHU
SURFHVVLQJWHPSHUDWXUHa&YVa&IRUWKHFRDUVHSRZGHUDVVRFLDWHGZLWKWKHSUHVHQFHRIIORZDGGLWLYHV$V
WKHSURFHVVLQJWHPSHUDWXUHZDVKLJKHUIRUWKHILQHSRZGHUPD[LPXPGHQVLW\ZDVDFKLHYHGDWDVLJQLILFDQWO\ORZHU
HQHUJ\GHQVLW\)XUWKHUPRUHKLJKHUIORZDQGEHWWHUSDFNLQJRIWKHILQHSRZGHUFRQWULEXWHGWRDKLJKHUREWDLQDEOH
GHQVLW\RIWKH6/6SDUWV
6PRNLQJZDVDOVRDQRWKHU LPSRUWDQWSKHQRPHQRQ WKDWDEXQGDQWO\RFFXUUHGDWKLJKHU6/6HQHUJLHV7KH ORZHU
RSWLPXP6/6HQHUJLHVIRUWKHILQHUSRZGHUKRZHYHUDOORZHGDPLQLPDOVPRNLQJDVDVLJQRIGHJUDGDWLRQRI738
VHJPHQWV7KHORZHUGHJUDGDWLRQZDVUHIOHFWHGLQWKHHQWKDOS\RIFU\VWDOOL]DWLRQIURPKDUG738VHJPHQWVDVZHOO
DVWKHPHFKDQLFDOSURSHUWLHVRSWLPXP6/6SDUWIURPWKHILQHSRZGHUVKRZHGDKLJKFU\VWDOOL]DWLRQHQWKDOS\a
RI WKH738SRZGHUDVZHOODVD WHQVLOHVWUHQJWKDQGHORQJDWLRQFRPSDUDEOH WR WKRVHIURP,07KLVZDVGLIIHUHQW
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